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$PHULFDQ *DV $VVRFLDWLRQ 2SHUDWLRQV &RQIHUHQFH
+RXVWRQñ $SULO ëä ¤ 0D\ ìñ ëííì

ì

'HYHORSPHQW RI D 7KHUPRDFRXVWLF 1DWXUDO *DV /LTXHILHU ð 8SGDWH

-2+1 -ï :2//$1ñ 3Kï'ïñ 6HQLRU 'HYHORSPHQW $VVRFLDWHñ 3UD[DLU ,QFïñ 'HQYHUñ &2
*5(*25< :ï 6:,)7ñ 3Kï'ïñ )HOORZñ /RV $ODPRV 1DWLRQDO /DERUDWRU\ñ /RV $ODPRVñ 10

$EVWUDFW

7KHUPRDFRXVWLF KHDW HQJLQHV DQG UHIULJHUDWRUV
DUH EHLQJ GHYHORSHG IRU OLTXHIDFWLRQ RI QDWXUDO
JDVï 7KLV LV WKH RQO\ WHFKQRORJ\ FDSDEOH RI
SURGXFLQJ UHIULJHUDWLRQ SRZHU DW FU\RJHQLF
WHPSHUDWXUHV ZLWK QR PRYLQJ SDUWVï $
SURWRW\SHñ ZLWK D SURMHFWHG QDWXUDO JDV
OLTXHIDFWLRQ FDSDFLW\ RI èíí JDOORQVîGD\ñ KDV
EHHQ EXLOW DQG WHVWHGï 7KH SRZHU VRXUFH LV D
QDWXUDO JDV EXUQHUï 6\VWHPV ZLOO EH GHYHORSHG
ZLWK OLTXHIDFWLRQ FDSDFLWLHV XS WR ìíñííí WR
ëíñííí JDOORQV SHU GD\ï 7KH WHFKQRORJ\ñ WKH
GHYHORSPHQW SURMHFWñ DFFRPSOLVKPHQWV DQG
DSSOLFDWLRQV DUH GLVFXVVHGï

,QWURGXFWLRQ

,Q )HEUXDU\ ëííì 3UD[DLUñ ,QFï SXUFKDVHG WKH
DFRXVWLF KHDW HQJLQH DQG UHIULJHUDWLRQ
GHYHORSPHQW SURJUDP IURP &KDUW ,QGXVWULHVï
&KDUW õIRUPHUO\ &U\HQFRñ ZKLFK &KDUW
SXUFKDVHG LQ ìääæô DQG /RV $ODPRV KDG EHHQ
ZRUNLQJ RQ WKH WHFKQRORJ\ GHYHORSPHQW
SURJUDP VLQFH ìääéï 7KH SXUFKDVH LQFOXGHG
DVVHWV DQG LQWHOOHFWXDO SURSHUW\ ULJKWV IRU
WKHUPRDFRXVWLFDOO\ GULYHQ RULILFH SXOVH WXEH
UHIULJHUDWRUV õ7$'2375ôñ D QHZ DQG
UHYROXWLRQDU\ 7KHUPRDFRXVWLF 6WLUOLQJ +HDW
(QJLQH õ7$6+(ô WHFKQRORJ\ñ DVSHFWV RI 2ULILFH
3XOVH 7XEH 5HIULJHUDWLRQ õ2375ô DQG OLQHDU
PRWRU FRPSUHVVRUV DV 2375 GULYHUVï 3UD[DLUñ LQ
FRRSHUDWLRQ ZLWK /RV $ODPRV 1DWLRQDO
/DERUDWRU\ õ/$1/ôñ WKH OLFHQVRU RI WKH
7$'2375 DQG 7$6+( SDWHQWVñ LV FRQWLQXLQJ
WKH GHYHORSPHQW RI 7$6+(ð2375 QDWXUDO JDV
SRZHUHGñ QDWXUDO JDV OLTXHILHUVï

7KH OLTXHIDFWLRQ RI QDWXUDO JDVñ ZKLFK RFFXUV
DW ðìçìq& õðëèäq)ô DW DWPRVSKHULF SUHVVXUHñ KDV
SUHYLRXVO\ UHTXLUHG UDWKHU VRSKLVWLFDWHG

UHIULJHUDWLRQ PDFKLQHU\ï 7KH ìääí 7$'2375
LQYHQWLRQ E\ 'UVï *UHJ 6ZLIW õ/$1/ô DQG 5D\
5DGHEDXJK õ1,67ô GHPRQVWUDWHG WKH ILUVW
WHFKQRORJ\ WR SURGXFH FU\RJHQLF UHIULJHUDWLRQ
ZLWK QR PRYLQJ SDUWV >ì@ï 7KHUPRDFRXVWLF
HQJLQHV DQG UHIULJHUDWRUV XVH DFRXVWLF
SKHQRPHQD WR SURGXFH UHIULJHUDWLRQ IURP KHDWï
7KH EDVLF GULYHU DQG UHIULJHUDWRU FRQVLVW RI
QRWKLQJ PRUH WKDQ KHOLXPðILOOHG KHDW H[FKDQJHUV
DQG SLSHVñ PDGH RI FRPPRQ PDWHULDOVñ ZLWKRXW
H[DFWLQJ WROHUDQFHVï

7KH OLTXHILHU GHYHORSPHQW SURJUDP LV GLYLGHG
LQWR WZR FRPSRQHQWVã WKHUPRDFRXVWLFDOO\
GULYHQ UHIULJHUDWRUV DQG OLQHDU PRWRU GULYHQ
UHIULJHUDWRUV õ/2375Vôï /2375 WHFKQRORJ\
ZLOOñ IRU WKH IRUHVHHDEOH IXWXUHñ EH OLPLWHG WR
QDWXUDO JDV OLTXHIDFWLRQ FDSDFLWLHV RQ WKH RUGHU
RI KXQGUHGV RI JDOORQV SHU GD\ï 7$6+(ð2375
WHFKQRORJ\ LV H[SHFWHG WR DFKLHYH OLTXHIDFWLRQ
FDSDFLWLHV RI WHQV RI WKRXVDQGV RI JDOORQV SHU
GD\ï 7KLV SDSHU ZLOO IRFXV RQ WKH 7$6+(ð
2375 WHFKQRORJ\ EHFDXVH LWV QDWXUDO JDV
OLTXHIDFWLRQ FDSDFLW\ KDV JUHDWHU PDUNHW
RSSRUWXQLW\ï /2375 GHYHORSPHQW ZLOO EH
PHQWLRQHG RQO\ YHU\ EULHIO\ï

7KH WKHUPRDFRXVWLFDOO\ GULYHQ UHIULJHUDWRU
GHYHORSPHQW SURJUDP LV QRZ LQ WKH SURFHVV RI
GHPRQVWUDWLQJ WKH WHFKQRORJ\ DW D FDSDFLW\ RI
DERXW èíí JDOORQîGD\ õJSGô LïHïñ DSSUR[LPDWHO\
éëñííí VWDQGDUG FXELF IHHWîGD\ñ ZKLFK UHTXLUHV
DERXW æ N: RI UHIULJHUDWLRQ SRZHUï 7KLV
FDSDFLW\ LV ELJ HQRXJK WR LOOXPLQDWH WKH LVVXHV RI
ODUJHðVFDOH DFRXVWLF OLTXHIDFWLRQ DW UHDVRQDEOH
FRVW DQG WR GHPRQVWUDWH WKH OLTXHIDFWLRQ RI
DERXW æíø RI DQ LQSXW JDV VWUHDPñ ZKLOH EXUQLQJ
DERXW êíøï 6XEVHTXHQW WR WKLV GHPRQVWUDWLRQ D
V\VWHP ZLWK D FDSDFLW\ RI DSSUR[LPDWHO\ ìíç

VWDQGDUG FXELF IHHWîGD\ õVFIGô  ìíñííí JSG ZLWK



ë

D SURMHFWHG OLTXHIDFWLRQ UDWH RI DERXW åèø RI WKH
LQSXW JDV VWUHDP ZLOO EH GHYHORSHGï
:KHQ FRPPHUFLDOL]HGñ WKH 7$6+(ð2375V

ZLOO EH D WRWDOO\ QHZ W\SH RI KHDWðGULYHQ
FU\RJHQLF UHIULJHUDWRUñ ZLWK SURMHFWHG ORZ
PDQXIDFWXULQJ FRVWñ KLJK UHOLDELOLW\ñ ORQJ OLIHñ
DQG ORZ PDLQWHQDQFHï $ 7$6+(ð2375 ZLOO EH
DEOH WR OLTXHI\ D EURDG UDQJH RI JDVHVñ RQH RI WKH
PRVW LPSRUWDQW EHLQJ QDWXUDO JDV õ1*ôï
3RWHQWLDO 1* DSSOLFDWLRQV UDQJH IURP
GLVWULEXWHG OLTXHIDFWLRQ RI SLSHOLQH JDV DV IXHO
IRU KHDY\ðGXW\ IOHHW DQG ORQJ KDXO YHKLFOHV WR
ODUJHðVFDOH OLTXHIDFWLRQ DW RQðVKRUH DQG RIIVKRUH
JDV ZHOOKHDGVï

$Q DOWHUQDWLYH WR WKH WKHUPRDFRXVWLF GULYHUñ EXW
ZLWK PDQ\ VLPLODU WHFKQLFDO DQG PDUNHW
DGYDQWDJHVñ LV WKH OLQHDU PRWRU FRPSUHVVRUï
/LQHDU PRWRUV FRQYHUW HOHFWULFDO SRZHU GLUHFWO\
LQWR RVFLOODWLQJ OLQHDUñ RU D[LDOñ PRWLRQï
$WWDFKPHQW RI D SLVWRQ WR WKH RVFLOODWRU UHVXOWV
LQ D GLUHFW GULYH FRPSUHVVRUï 6XFK D FRPSUHVVRU
KDV WZR GLVWLQFW DGYDQWDJHV RYHU URWDU\ PRWRU
FRPSUHVVRUVï 2QHñ LW LV D FRPSOHWHO\ GU\
V\VWHPï %HFDXVH WKHUH DUH QR JHDUER[ DQG UROOHU
EHDULQJVñ WKHUH LV QR UHTXLUHPHQW IRU OXEULFDQWVñ
ZKLFK HOLPLQDWHV WKH FOHDQXS LVVXHV DVVRFLDWHG
ZLWK OXEULFDQWV LQ FU\RJHQLF UHIULJHUDWRUV GULYHQ
E\ FRQYHQWLRQDO FRPSUHVVRUVï 7ZRñ WKH
RVFLOODWRU LV VXVSHQGHG E\ IOH[XUH EHDULQJVï
)OH[XUH EHDULQJV KDYH QR ZHDULQJ SDUWV DQG
KDYH HVVHQWLDOO\ LQILQLWH OLIHWLPHï /LQHDU PRWRUV
FDQ DOVR EH UXQ LQ UHYHUVH DV OLQHDU JHQHUDWRUV
DQG FDQ EH GULYHQ E\ DFRXVWLF HQJLQHVï

2EMHFWLYH

$OWKRXJK PRVW QDWXUDO JDV LV VWLOO FDUULHG IURP
ZHOO WR XVHU DV JDV LQ SLSHOLQHVñ WKH XVH RI
OLTXHILHG QDWXUDO JDV õ/1*ô KDV EHHQ LQFUHDVLQJï
$ W\SLFDO PRGHUQñ ODUJH OLTXHIDFWLRQ SODQW FRVWV
D ELOOLRQ GROODUVñ OLTXHILHV ìíä VFIGñ XVHV ìíðìèø
RI LWV WKURXJKSXW WR SRZHU LWVHOIñ DQG KDV
VXEVWDQWLDO RSHUDWLQJ DQG PDLQWHQDQFH FRVWVï
7KHUH DUHñ KRZHYHUñ D QXPEHU RI PDUNHW
DSSOLFDWLRQV ZKHUH WKHUH LV D FOHDU QHHG IRU
VPDOOHUñ UHOLDEOHñ LQH[SHQVLYH OLTXHIDFWLRQ

HTXLSPHQWï 7KH SULPDU\ REMHFWLYH RI WKH
DFRXVWLF OLTXHIDFWLRQ SURJUDP LV WR GHYHORS D
QHZ QDWXUDO JDV OLTXHILHU ZLWK LWV LQKHUHQW
DGYDQWDJHV ¤ KLJK UHOLDELOLW\ñ ORZ PDLQWHQDQFHñ
QDWXUDO JDV EXUQHU SRZHUHGñ WUDQVSRUWDEOH ¤ WR
DGGUHVV QHZ DQG HPHUJLQJ /1* PDUNHW
RSSRUWXQLWLHVï

7HFKQRORJ\ %DFNJURXQG

$ 7KHUPRDFRXVWLF 6WLUOLQJ +HDW (QJLQH
õ7$6+(ô FRQYHUWV WKHUPDO HQHUJ\ GLUHFWO\ WR
DFRXVWLF HQHUJ\ LQ WKH IRUP RI D KLJK DPSOLWXGHñ
RVFLOODWLQJ SUHVVXUH ZDYH ¤ D VRXQG ZDYHï
2ULILFH SXOVH WXEH UHIULJHUDWRUV FRQYHUW DQ
RVFLOODWLQJ SUHVVXUH ZDYH LQWR UHIULJHUDWLRQ
SRZHU DW WHPSHUDWXUHV DV ORZ DV ¤ëéí�&ï
&RPELQLQJ WKHVH WZR WHFKQRORJLHV UHVXOWV LQ WKH
RQO\ FU\RJHQLF UHIULJHUDWLRQ WHFKQRORJ\ WKDW
UHTXLUHV QR PRYLQJ SDUWVï

7KH 7$6+( WHFKQRORJ\ LV D YHU\ UHFHQW
RXWJURZWK RI D PRUH EDVLF WKHUPRDFRXVWLF
HQJLQH FDOOHG D 7KHUPRDFRXVWLF 'ULYHU õ7$'ôï
7KH 7$6+( KDV GHPRQVWUDWHG VLJQLILFDQWO\
KLJKHU HIILFLHQFLHV WKDQ WKH 7$'ñ ZKLFK ZLOO EH
YHU\ LPSRUWDQW LQ PDQ\ FRPPHUFLDO
DSSOLFDWLRQVï

7$6+(ð2375V DUH ¦VLPSO\§ D FROOHFWLRQ RI
KHDW H[FKDQJHUV DUUDQJHG ZLWKLQ D QHWZRUN RI
SLSLQJ DQG DOO ILOOHG ZLWK SUHVVXUL]HG KHOLXP
JDVï ,Q WKH HQJLQHñ RQH KHDW H[FKDQJHU LV KHDWHG
WR URXJKO\ æííq& õìêííq)ôñ D VHFRQG KHDW
H[FKDQJHU LV KHOG DW DPELHQW WHPSHUDWXUHñ DQG D
WKLUGñ EHWZHHQ WKH RWKHU WZRñ LV WKHUPDOO\
IORDWLQJï 7KH LQSXW KHDW VHWV XS D WHPSHUDWXUH
JUDGLHQW DFURVV WKH KHDW H[FKDQJHUV WKDW
SURGXFHV DQ RVFLOODWLQJ SUHVVXUH ZDYH LQ WKH
KHOLXP JDVï õ$ SURFHVV GHVFULSWLRQ LV JLYHQ LQ
>ë@ôï 7KLV RVFLOODWLQJ ZDYH GULYHV WKH SXOVH WXEH
UHIULJHUDWRU SURGXFLQJ UHIULJHUDWLRQ SRZHU DW
FU\RJHQLF WHPSHUDWXUHVï 7KH RQO\ WKLQJ PRYLQJ
LQ WKH V\VWHP LV WKH RVFLOODWLQJ KHOLXP JDVï 7KH
LQSXW KHDW FDQ EH VXSSOLHG E\ YLUWXDOO\ DQ\
VRXUFHï $ QDWXUDO JDV EXUQHU LV XVHG LQ WKH



ê

V\VWHPV EHLQJ GHYHORSHG LQ WKLV SURJUDPï 7KH
VLPSOLFLW\ RI WKHVH V\VWHPV ZLOO UHVXOW LQ ORZ
PDQXIDFWXULQJ FRVW DQG KLJK UHOLDELOLW\ï
$OWKRXJK WKH EDVLF KDUGZDUH FRQILJXUDWLRQ RI

7$6+(ð2375V LV VLPSOHñ WKH XQGHUO\LQJ
SK\VLFV LV YHU\ FRPSOH[ï 6LJQLILFDQW SURJUHVV
KDV EHHQ PDGH DW /RV $ODPRV DQG DW 'HQYHU LQ
XQGHUVWDQGLQJ DQG GHPRQVWUDWLQJ WKH SK\VLFV
SULQFLSOHVï $OWKRXJK WKH KDUGZDUH LV
IXQGDPHQWDOO\ VLPSOHñ WKH FRPELQDWLRQ RI KLJK
WHPSHUDWXUHV DQG WKH DFRXVWLFDO SKHQRPHQD
LQWURGXFH FRQILJXUDWLRQDO FRQVWUDLQWV WKDW UHVXOW
LQ FKDOOHQJLQJ HQJLQHHULQJ LVVXHV WKDW PXVW EH
VROYHG WR UHGXFH WKH FRQFHSW WR SUDFWLFHï

7KH WHFKQRORJ\ EDFNJURXQG DQG EDVLF SULQFLSOHV
RI RSHUDWLRQ RI WKHUPRDFRXVWLF GULYHUV DQG
RULILFH SXOVH WXEH UHIULJHUDWRUV ZHUH H[SODLQHG
LQ WKH SDSHU >ê@ SUHVHQWHG DW WKH ëííí $*$
2SHUDWLRQV &RQIHUHQFH LQ 'HQYHUñ &2 DQG DUH
QRW UHSHDWHG KHUHï

3URJUDP 'HVFULSWLRQ

,Q ìääé &U\HQFR õZKLFK EHFDPH SDUW RI &KDUW
,QGXVWULHV LQ ìääæô OLFHQVHG WKH 7$'2375
WHFKQRORJ\ IURP /$1/ñ IRUPHG &RRSHUDWLYH
5HVHDUFK DQG 'HYHORSPHQW $JUHHPHQWV
õ&5$'$ô ZLWK /$1/ DQG 1,67ð%RXOGHU DQG
EHJDQ GHYHORSPHQW RQ WKHUPRDFRXVWLF HQJLQHV
DQG SXOVHðWXEH UHIULJHUDWRUVï )URP WKH
EHJLQQLQJ RI WKH &KDUWð/$1/ð1,67
FROODERUDWLRQ LQ ìääéñ WKH GHYHORSPHQW RI D
SUDFWLFDO DFRXVWLF OLTXHILHU DSSHDUHG YHU\
FKDOOHQJLQJï

7KH GHYHORSPHQW SURJUDP KDV EHHQ GLYLGHG
LQWR WKUHH SKDVHVï ,Q 3KDVH , LQ ìääæñ &KDUWñ
ZLWK PDMRU WHFKQLFDO VXSSRUW IURP /$1/ñ EXLOW
DQG VXFFHVVIXOO\ RSHUDWHG WKH ILUVW QDWXUDO JDV
ILUHG 7$'2375 õ)LJï ìôï ,W DFKLHYHG D
OLTXHIDFWLRQ FDSDFLW\ RI ìéí JSG õë N: RI
UHIULJHUDWLRQ SRZHU DW ðìéíq&ô DQG DFKLHYHG
UHFRUG HIILFLHQFLHV IRU ERWK WKH 7$' DQG WKH
2375ï 7KH UHIULJHUDWLRQ SRZHU ZDV DERXW éíí

WLPHV ODUJHU WKDQ WKDW RI WKH ILUVW 7$'2375
EXLOW E\ /$1/ DQG 1,67 LQ ìäåäï

3KDVH ,,ñ ZKLFK EHJDQ LQ PLG ìäääñ LV WKH
GHYHORSPHQW RI D èíí JSG 7$6+(ð2375 õ)LJï
ëôï 7KH V\VWHP KDV EHHQ EXLOW DQG KDV FRPSOHWHG
WKH ILUVW SKDVH RI WHVWLQJï 7KLV RQO\ UHSUHVHQWV D
IDFWRU RI ê VFDOHðXS LQ FRROLQJ SRZHU RYHU WKH
3KDVH , 7$'2375ñ EXW LW UHSUHVHQWV D SURMHFWHG
PDMRU LPSURYHPHQW LQ HIILFLHQF\ï $ QXPEHU RI
HQJLQHHULQJ LVVXHV ZHUH LGHQWLILHG GXULQJ WKDW
WHVWLQJ DQG DUH LQ WKH SURFHVV RI EHLQJ
DGGUHVVHGï )XOO V\VWHP WHVWLQJ LV SURMHFWHG WR EH
FRPSOHWHG LQ ëííì

7KH ILUVW 7$'2375 EXLOW E\ /$1/ DQG 1,67
LQ ìäåä XVHG PXFK VLPSOHU HOHFWULF KHDWHU SRZHU
IRU WKH HQJLQH DQG KDG DQ HIILFLHQF\ HTXLYDOHQW
WR OLTXHI\LQJ RQO\ äø RI D QDWXUDOðJDV VWUHDP
ZKLOH EXUQLQJ WKH RWKHU äìøï 7KH ìéí JSG
7$'2375 OLTXHILHG DERXW éíø RI WKH JDV
VWUHDP ZKLOH EXUQLQJ çíøï 7KH èíí JSG
7$6+(ð2375 LV GHVLJQHG WR OLTXHI\ æíøñ EXUQ
êíøï

3KDVH ,,, ZLOO EH WKH GHYHORSPHQW RI D ìíð
ëíñííí JSG V\VWHPï 7KDW SKDVH VKRXOG EHJLQ
QHDU WKH HQG RI ëííì DQG LV SURMHFWHG WR WDNH
DERXW êïè \HDUVï $ FRQFHSWXDO GUDZLQJ RI WKH
SURWRW\SH LV VKRZQ LQ )LJXUH êï

$FFRPSOLVKPHQWV

7KH 3KDVH ,ñ ìéí JSG 7$'2375 KDG RQH
HQJLQH DQG RQH UHIULJHUDWRU RQ WKH UHVRQDWRU
õ)LJXUH ìôï 7HVWLQJ RI WKLV DVVHPEO\ ZLWK D
EXUQHU KHDWLQJ WKH HQJLQH EHJDQ LQ -DQXDU\ ìääæ
DQG ZDV FRPSOHWHG LQ 0DUFKñ ìääåï 7KLV
KDUGZDUH DFKLHYHG VHYHUDO UHFRUG SHUIRUPDQFH
PHDVXUHPHQWVï

ìï 0RVW SRZHUIXO 2375ã ëíæí :DWWV RI
FRROLQJ SRZHU DW ð ìéíq&ï õ$ IDFWRU RI
VHYHQ RYHU WKH SUHYLRXV UHFRUGñ DQ HDUO\
SURWRW\SH EXLOW E\ &KDUWïôï 7KLV
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UHSUHVHQWV D OLTXHIDFWLRQ UDWH RI ìéí JSG
RI PHWKDQHï

ëï 0RVW HIILFLHQW 2375ã ëêø RI &DUQRW
&RHIILFLHQW RI 3HUIRUPDQFHï

êï 0RVW SRZHUIXO 7$'ã ìæ N: RI DFRXVWLF
SRZHU GHOLYHUHG SDVW WKH PLGGOH RI WKH
UHVRQDWRUâ DSSUR[LPDWHO\ ìë N:
GHOLYHUHG WR WKH 2375ï õ$ IDFWRU RI ìë
RYHU WKH SUHYLRXV UHFRUGô

éï 0RVW HIILFLHQW 7$'ã ëèø RI &DUQRWï

7KLV LPSRUWDQW PLOHVWRQH GHPRQVWUDWHG IRU WKH
ILUVW WLPH WKDW 7$'2375 WHFKQRORJ\ ZRUNV DW D
FDSDFLW\ VXLWDEOH IRU SUDFWLFDO OLTXHIDFWLRQ RI
QDWXUDO JDVï

7KH ILUVW 7$6+( õ)LJï éô ZDV EXLOW LQ ìäää E\
WKH /RV $ODPRV WHDPï ,W KDG DQ HIILFLHQF\ RI
éìø RI &DUQRWü 'UVï *UHJ 6ZLIW DQG 6FRWW
%DFNKDXV UHFHLYHG DQ 5÷' ìíí $ZDUG IRU WKHLU
DFKLHYHPHQWï :LWK WKH VXFFHVVIXO GHPRQVWUDWLRQ
RI WKH 6WLUOLQJ KHDW HQJLQHñ &KDUW GHFLGHG WR
WUDQVLWLRQ IURP WKH EDVLF WKHUPRDFRXVWLF GULYHU
WR WKH WKHUPRDFRXVWLF 6WLUOLQJ KHDW HQJLQH LQ WKH
QH[W SURWRW\SH WR DFKLHYH KLJKHU HIILFLHQF\ï

'HVLJQ DQG FRQVWUXFWLRQ RI WKH 3KDVH ,, èíí
JSG 7$6+(ð2375 SURWRW\SH õ)LJXUH ëô ZDV
FRPSOHWHG LQ PLG ëíííï 'XULQJ WKH ILUVW WHVW
F\FOH D IDLOXUH LQ DQ LQWHUQDO ZHOG RFFXUUHGï ,W
WRRN URXJKO\ é PRQWKV WR GLVDVVHPEOH DQG
FRPSOHWH WKH UHSDLUï 'XULQJ VXEVHTXHQW WHVWLQJ
WKH 7$6+( ZDV WDNHQ WR DERXW çíø RI WKH
GHVLJQ SUHVVXUH DPSOLWXGH DQG WR DERXW ìëø RI
GHVLJQ DFRXVWLF SRZHUï 7KH GDWD REWDLQHG
VKRZHG FOHDUO\ WKDW WKH HQJLQH©V WKHUPRDFRXVWLF
SHUIRUPDQFH ZDV FRPSOHWHO\ LQ OLQH ZLWK
H[SHFWDWLRQVï (DFK RI WKH WKUHH 2375V ZDV
WHVWHG LQGHSHQGHQWO\ WR DERXW ëèø RI JURVV
FRROLQJ SRZHUï $JDLQñ DOO WKH GLDJQRVWLF
PHDVXUHPHQWV ORRNHG ILQHï 'XULQJ WHVWLQJ LQ
-DQXDU\ ëííì DQRWKHU LQWHUQDO ZHOG IDLOHG ZKLFK
DJDLQ LV UHTXLULQJ H[WHQVLYH UHZRUNï 6RPH

DGGLWLRQDO FKDQJHV LQ GHVLJQ ZLOO DOVR EH PDGHï
,W LV SURMHFWHG WKDW WHVWLQJ ZLOO UHVXPH LQ WKH
WKLUG TXDUWHU RI ëííì DQG VKRXOG EH FRPSOHWHG
EHIRUH \HDUðHQGï 7KH WHVW UHVXOWV WR GDWH
UHSUHVHQW VLJQLILFDQW WHFKQLFDO SURJUHVV WRZDUG
WKH JRDO RI èíí JSGï 7KXV IDU WKH
WKHUPRDFRXVWLF DVSHFWV KDYH EHKDYHG YHU\ ZHOOï
7KH ZHOG IDLOXUHV DUH HQJLQHHULQJîGHVLJQ LVVXHV
WKDW FDQ DQG DUH EHLQJ DGGUHVVHGï

$ QXPEHU RI FRQFHSWXDO GHVLJQV IRU D ìíñííí
JSG 7$6+(ð2375 KDYH EHHQ GHYHORSHG õHïJï
)LJï êôï 7KH PDMRU FKDOOHQJH LQ WKH VFDOH XS WR
WKLV FDSDFLW\ ZLOO EH WKH PHWKRG DQG GHVLJQ RI
WKH 7$6+( KHDW WUDQVIHUîKRW KHDW H[FKDQJHUï $
WXEHðDQGðVKHOO FRQILJXUDWLRQñ OLNH WKRVH XVHG LQ
WKH ìéí DQG èíí JSG SURWRW\SHV LV QRW D YLDEOH
RSWLRQ LQ XQLWV WKLV ODUJHñ DQG KDV QRZ SURYHQ WR
EH YHU\ GLIILFXOW HYHQ LQ WKH èíí JSG SURWRW\SHï
$V SDUW RI WKH UHZRUN RI WKH IDLOHG ZHOGV LQ WKDW
SURWRW\SHñ D QHZ KRW KHDW H[FKDQJHU GHVLJQ ZLOO
EH LQFRUSRUDWHGï

$SSOLFDWLRQV

7KH 7$6+(ð2375 DQG DVVRFLDWHG
WHFKQRORJLHV KDYH WKH SRWHQWLDO WR UDGLFDOO\
FKDQJH PDQ\ DUHDV RI FRPPHUFLDO FU\RJHQLF
UHIULJHUDWLRQ DQG JDV OLTXHIDFWLRQñ SURIRXQGO\
LPSDFWLQJ RLO LPSRUWDWLRQñ WKH HQYLURQPHQW DQG
PDQ\ LQGXVWULDO SURFHVVHVï 7DEOH ì OLVWV D EURDG
DUUD\ RI SRWHQWLDO PDUNHWV DQG DSSOLFDWLRQV
ZKHUH ODUJHðFDSDFLW\ 7$6+(ð2375 WHFKQRORJ\
PD\ EH DSSOLHGï $ IHZ FRPPHQWV RQ VHYHUDO RI
WKH DSSOLFDWLRQV IURP 7DEOH ì IROORZï

ìï 'HYHORSPHQW RI D OLTXHILHG QDWXUDO JDV
õ/1*ô WUDQVSRUWDWLRQ LQIUDVWUXFWXUH KDV JUHDW
HFRQRPLF DQG DVVRFLDWHG HQYLURQPHQWDO EHQHILWï
$V D UHSODFHPHQW IRU GLHVHO IXHO IRU KHDY\ðGXW\
EXVHV DQG WUXFNV LW ZRXOG VLJQLILFDQWO\ UHGXFH
RLO LPSRUWVï 7UDQVSRUWDWLRQ FRQVXPHV URXJKO\
çèø RI WKH RLO XVH LQ WKH FRXQWU\ DQG KHDY\ðGXW\
YHKLFOHV UHSUHVHQW WKH PDMRULW\ RI WKDW XVHï
&RQYHUVLRQ WR /1* ZRXOG UHGXFH RLO LPSRUW
FRVWV DQG WKH EDODQFH RI SD\PHQWV E\ WHQV RI
ELOOLRQV RI GROODUV SHU \HDUï 7KH 1DWLRQDO



è

(QHUJ\ 7HFKQRORJ\ /DERUDWRU\ RI WKH
'HSDUWPHQW RI (QHUJ\ KDV VHOHFWHG
$SSDODFKLDQð3DFLILF WR GHYHORS D WHVWðEHG
V\VWHP EDVHG RQ WKH 7$6+(ð2375 WHFKQRORJ\
WR FRQYHUW FRDO EHG PHWKDQH WR /1* IRU
WUDQVSRUWDWLRQ IXHOï 7KH ILUVW LQVWDOODWLRQ ZLOO
EH LQ :HVW 9LUJLQLDï

ëï $ WKHUPRDFRXVWLF UHIULJHUDWRUîOLTXHILHUñ
HLWKHU DV D SULQFLSOH V\VWHP RU DQ HPHUJHQF\
V\VWHPñ FDQ EH XVHG LQ FRQMXQFWLRQ ZLWK OLTXLGð
QLWURJHQ DQG OLTXLGðR[\JHQ GHZDUV IRXQG EHKLQG
PRVW KRVSLWDOVï 7KH V\VWHP ZRXOG KDYH D JDVð
ILUHG WKHUPRDFRXVWLF HQJLQH GULYLQJ VHYHUDO
SXOVH WXEH UHIULJHUDWRUVñ ZKLFK ZRXOG SURYLGH

WKH FRROLQJ QHFHVVDU\ WR OLTXHI\ DQG GLVWLOO DLU WR
SURGXFH SXULILHG QLWURJHQ DQG R[\JHQñ DQGîRU WR
UHOLTXHI\ WKHP IRU VWRUDJHï
êï 2LO ZHOO WHVWLQJñ ERWK RIIVKRUH DQG RQVKRUHñ
LV DQ H[WHQGHG SURFHVVñ UDQJLQJ IURP PRQWKV WR
D \HDU RU WZRï $ PRGHUDWH VL]HG JDV
OLTXHIDFWLRQ IDFLOLW\ñ ZKLFK IRU RIIVKRUH
RSHUDWLRQ FRXOG EH EDUJH PRXQWHG IRU HDVH RI
PRELOLW\ñ FRXOG HOLPLQDWH WKH QHHG IRU JDV UHð
LQMHFWLRQ RU IODULQJ GXULQJ WKH WHVW SHULRGï $W
WKH FRPSOHWLRQ RI WHVWLQJ WKH OLTXHIDFWLRQ
IDFLOLW\ FRXOG EH PRYHG WR WKH QH[W WHVW ZHOOï

/2375V

3UD[DLU LV GHYHORSLQJ OLQHDU PRWRU FRPSUHVVRU
GULYHQ RULILFH SXOVH WXEH UHIULJHUDWRUV IRU D
QXPEHU RI DSSOLFDWLRQV DQG PDUNHWVï 0RVW RI
WKRVH DSSOLFDWLRQV DUH LQ LQGXVWULDO JDVâ
KRZHYHUñ WKHUH PD\ EH PDUNHW RSSRUWXQLWLHV LQ
QDWXUDO JDV OLTXHIDFWLRQï %RLORII UHOLTXHIDFWLRQ
LQ VPDOO /1* VWRUDJH V\VWHPV PD\ EH WKH PRVW
OLNHO\ RSSRUWXQLW\ QHDU WHUPï

$Q HDUO\ SURWRW\SH /2375 LV VKRZQ LQ )LJï èï
7KH OLQHDU PRWRU FRPSUHVVRU LV LQ WKH KRXVLQJ
XQGHU WKH WRS SODWH DQG WKH 2375 LV DERYH WKH
SODWHï 7KLV XQLW ZDV GHVLJQHG WR OLTXHI\ DERXW
ìíí JSG RI QDWXUDO JDVï ,W GLG QRW UHDFK LWV
GHVLJQ REMHFWLYHVï 7ZR RWKHU XQLWV DUH QRZ
XQGHU GHYHORSPHQW DQG VKRXOG EH LQ WHVW E\ PLG
ëííìï

&RQFOXVLRQV

7KH GHYHORSPHQW RI DFRXVWLF OLTXHIDFWLRQ
WHFKQRORJ\ KDV PDGH VLJQLILFDQW SURJUHVV RYHU
WKH ODVW VHYHUDO \HDUVï 7KH WUDQVIHU RI WKH
SURJUDP WR 3UD[DLU ZLOO DFFHOHUDWH WKH
GHYHORSPHQW SURJUDP DQG ZLOO RSHQ QHZ PDUNHW
RSSRUWXQLWLHVï 7KH DGYDQWDJHV RI QRðPRYLQJð
SDUWV FU\RJHQLF UHIULJHUDWLRQ ZLOO UHVXOW LQ D
PDMRU WHFKQRORJ\ FKDQJH RYHU WKH QH[W ìíðëí
\HDUV LQ PDQ\ JDV OLTXHIDFWLRQ DSSOLFDWLRQVï

$FNQRZOHGJPHQWV

x 2Q DQG RIIðVKRUH OLTXLG QDWXUDO JDV
SURGXFWLRQ

x /LTXHIDFWLRQ RI QDWXUDO JDV IURP SLSHOLQHV
IRU WUDQVSRUWDWLRQ IXHO

x 1DWXUDO JDV OLTXLGV UHFRYHU\ IURP QDWXUDO
JDV

x 6HSDUDWLRQ RI FDUERQ GLR[LGH IURP QDWXUDO
JDV DQG FRPEXVWLRQ JDVHV

x 5HFRYHU\ RI YRODWLOH RUJDQLF FRPSRXQGV
IURP DWPRVSKHULF VWRUDJH WDQNV

x /LTXHIDFWLRQ RI LQGXVWULDO JDVHV LQFOXGLQJ
K\GURJHQ

x 5HIULJHUDWLRQ LQ SHWURFKHPLFDO SODQWV
x %RLORII UHOLTXHIDFWLRQ IURP ODUJH

FU\RJHQLF VWRUDJH WDQNVñ SDUWLFXODUO\
QDWXUDO JDV

x &RDO PLQH YHQW JDV SURFHVVLQJ DQGîRU
OLTXHIDFWLRQ

x /RFDO QDWXUDO JDV OLTXHIDFWLRQ IRU SHDN
VKDYLQJ

x 1DWXUDO JDV OLTXHIDFWLRQ DW UHPRWH JDV
ZHOOV

x /DQGILOOîZDWHU WUHDWPHQW JDV SURFHVVLQJ
DQGîRU OLTXHIDFWLRQ

x /DUJHðVFDOH IRRG IUHH]LQJ DQG
UHIULJHUDWLRQ

x &RROLQJ PDFKLQHV RU KHDW SXPSV IRU
EXLOGLQJ KHDWLQJ DQG DLU FRQGLWLRQLQJ



ç

3DUW RI WKH ILQDQFLDO VXSSRUW IRU WKLV SURJUDP
ZDV SURYLGHG E\ WKH 1DWLRQDO (QHUJ\
7HFKQRORJ\ /DERUDWRU\ RI WKH 'HSDUWPHQW RI
(QHUJ\ñ 0RUJDQWRZQñ :9 XQGHU &RQWUDFW ú
'(ð)&ëçðää)7éíëæíñ E\ 6WRUN (QJLQHHUV DQG
&RQWUDFWRUVñ 6FKLHGDPñ 7KH 1HWKHUODQGV DQG E\
&KDUW ,QGXVWULHVï

5HIHUHQFHV

>ì@ 5ï 5DGHEDXJKñ .ï 0ï 0F'HUPRWWñ *ï :ï
6ZLIW DQG 5ï $ï 0DUWLQï 'HYHORSPHQW RI D
WKHUPRDFRXVWLFDOO\ GULYHQ RULILFH SXOVH WXEH
UHIULJHUDWRUï ,Q 3URFHHGLQJV RI WKH
,QWHUDJHQF\ 0HHWLQJ RQ &U\RFRROHUVñ SDJH
ëíèï 2FWREHU ëéñ ìääíñ 3O\PRXWKñ 0$ñ

'DYLG 7D\ORU 5HVHDUFK &HQWHUñ SXEOLFDWLRQ
äìîííêñ %HWKHVGDñ 0'ñ ìääíï

ë@ $ FRPSXWHU DQLPDWLRQ DQG VKRUW GHVFULSWLRQ
RI WKH HVVHQWLDO WKHUPRG\QDPLF DQG DFRXVWLF
SURFHVVHV RQ WKH 7$'2375 FDQ EH
REWDLQHG IURP
ZZZïODQOïJRYîWKHUPRDFRXVWLFV E\ VHOHFWLQJ
û(GXFDWLRQDO GHPRQVWUDWLRQV§ï

>ê@ -ï :ROODQñ *ï 6ZLIW DQG :ï :LMQJDDUGHQï
'HYHORSPHQW RI D 7KHUPRDFRXVWLF 1DWXUDO
*DV /LTXHILHUï 3UHVHQWHG DW WKH ëííí $*$
2SHUDWLRQV &RQIHUHQFHñ 'HQYHUñ &2ï 0D\ñ
ëíííï

)LJXUH ìï 7KH ìéí JSG 7$'2375 3URWRW\SH



æ

)LJXUH ëï 7KH èíí JSG 7$6+(ð2375ï 7KH
QDWXUDO JDV EXUQHU LV DW WKH YHU\ WRSï 7KH
7$6+( LV WKH ODUJH EXOJH EHORZ WKH EXUQHU
DQG WKH 2375V õQRW YLVLEOHô DUH LQVLGH WKH

YDFXXP MDFNHW KHDU WKH ERWWRPï

)LJXUH êï &RQFHSWXDO FRQILJXUDWLRQñ ìíñííí
JSG 7$6+(ð2375

)LJXUH éï :RUOG©V ILUVW 7$6+(



å

)LJXUH èï $Q HDUO\ SURWRW\SH OLQHDU
FRPSUHVVRU GULYHQ 2375
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